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PE®EPAT

Humniomuas padorta 41c., 13 puc., 3 Tabmn., 37 uCTOUYHUKOB, 1 mpuI.

KioueBsie cnoBa: @TOPOOCDATHBIE CTEKIJIA, PEJKO3EMEJIbHBIE
NOHBI, AII-KOHBEPCHMOHHASA JIIOMUHECHEHIMA, METO/ FIR,
TEMIIEPATYPHAS UYBCTBUTEJIbHOCTbD, TEMIIEPATYPHBIE JATUYNKN

OOBEKT uCCIe0BaHUS: TEMIIEpAaTypHas 3aBUCUMOCThH aIl-KOHBEPCHOHHOTO
npeoOpazoBaHusl HHPPAKPACHOTO U3ITYUCHUS PEAKO3EMENIbHBIMU HOHAMHU B CTEKJIaX
C HU3KOH 3Hepruen (POHOHOB.

Lenb paboThI: UCCIETOBAaHUE TEPMOUYYBCTBUTEIBHOCTH arl-KOHBEPCHOHHBIX
MaTepUajoB C HU3KUMHU (DOHOHHBIMH TMOTEPSIMH M ONTUMHU3ALMSA KOHLIEHTPALUU
penKOo3eMeNbHBIX HOHOB JJI IPUMEHEHHUS B JaTUNKAX TEMIIEPaTyPhl.

MeTtoapl ucciaenoBaHUS: Ja3epHas JIIOMUHECHEHTHAsl CIIEKTPOCKOMUS U
patnomerpuueckuid meron FIR

[lomyueHHble pe3yNbTaThl U UX HOBU3HA: YCTAHOBJIEHBI 3aKOHOMEPHOCTHU
BIMSHMS KOHIEHTpaIui HoHOB Yb*" u Ho®", BeIOOpa ClieKTpaibHBIX JHaIa30HOB
M0JIOC aN-KOHBEPCHOHHOW JIOMUHECHUEHIIMM W MOIIHOCTH BO30YXKIAIOLIEro ee
W3ITyYCeHHs] JTUOJHOTO Jiazepa C JIIUHOW BOJHBI A = 950 - 965 HM Ha OIICHKY
TEPMOYYBCTBUTEIBHOCTH  (PTOpdOoCPaTHBIX CTEKON B IUANA30HE TEMIIEpaTryp OT
+ 25 °C no + 200 °C patuomerpudeckum metosioM FIR. Bonee yyBcTBUTETHEHBIMU
K WM3MEHEHHIO TEMIIEpaTyphl SBJSIFOTCS OTHOIIEHHS HHTEHCHBHOCTEHW CyO-mojoc
OKOJIO JUIMH BOJH 543 HM / 657 HM, a TakXe JAWAna30HOB JJIWH BOJIH B Mpeenax
II0JIOC 3€JIEHOM M KpacHOM JroMuHecueHunu. FIR-3aBucuMocTH, MOCTpOEHHBIE 11O
THM II0JIOCaM, XapaKTEPU3YIOTCS KOIPPUIMEHTOM KOppensauuud OIu3KuM K 1,
XOpOIIIO AMMPOKCUMUPYIOTCS TUHEHHOW (PYHKITMEH U MOTYT OBITh MCTIOJIB30BAaHbBI
JUIS KaduOpPOBKU CEHCOPHBIX AJIEMEHTOB JaTUYMKOB TemriepaTypbl. Hawmmyuiei
KTMOPOBOYHOM MPSIMOM, MaKCUMAJIbHOM OTHOCHTEIILHOM TEPMOYYBCTBUTEILHOCTBHIO
(S: =0, 49 %K' nnus 298 K) u MUHMMAJILHBIM TEMIIEPATYPHBIM pa3pelleHrueM
8T = 0,5 K ob6namaer crekno ¢ konuenrpauueir monos Ho’" (0,5 moms%) u
Yb*" (5 Mob%) mpu MorHOCTH BO30Y)aeHus 0,4 Br.

OtpaboTraHa MeTOAMKA W3MEpPEHUsl an-KOHBEPCHOHHBIX CIEKTPOB U
KaJTMOPOBKH MO TeMIepaType, KOTopasi MO3BOJISIET BEIOUPATh CEHCOPHBIE 3JIEMEHThI
c FIR-3aBucumocTsiMu, IpueMIIEMbIMH B Ka4eCTBE KaJIMOPOBOYHBIX KPUBBIX, U C
BBICOKMMH 3HAUEHUSIMU TEMIIEPAaTypHOM YyBCTBUTEIbLHOCTH.

OO6nacTe BO3MOXKHOTO NpHUMEHEHHUA: (TopdocdaTHOe CTEKIO SBISETCS
MEPCIIEKTUBHBIM MaTE€PUAJIOM JUISl CO3J[AHUSI CEHCOPHBIX 3JIEMEHTOB TEMIIEPATypPHBIX
JATYMKOB C BO3MOXHOCTBIO YIPaBJIeHUs TpeOyeMOoW TOUYHOCTHbIO M3MEPEHHH ¢
MOMOUIBIO BBIOOpA TMOJIOC an-KOHBEPCHOHHOW JIIOMHUHECLIEHLIUH M MOIIHOCTU
BO30Y’KIArOIIEr0 MHPPAKPACHOTO M3TYUYCHUS ISl IPUMEHEHUSI B MHUKPOYJICKTPOHHKE,
B IIPOMBIIIJICHHOM, arpapHOM M JIPYTHX CEKTOpax SKOHOMHKH.



PO®PIPAT

Heimmomuas nipara 41c., 13 man., 3 tadsn., 37 kperHin, 1 gaa.

Kntouaseist cinoBel: DTOPOACDATHBIA HIKIIA, POAKA3AMEJIBHBIA
IEHBI, AII-KAHBEPCIMHAS  JIFOMIHECLIDHIIBIS, METAJ[ FIR,
TOMIIEPATYPHAS AAUYBAJIbBHACIb, TOMITEPATYPHBIA JATYBIKI

AG'exT gacnmenaBaHHS: TAIMIIEpATypHas 3ajie)KHACLb all-KaHBepcCiiiHara
nepayTBap3HHA 1H(padblpBOHAra BbIIPAMEHbBAHHS P3JIKAa3sSMENbHBIX 1EHAY Yy
IIKJIE 3 HI3Kal dHeprisid GpaHoHay.

MbhTa mpanpl:  JacienaBaHHE —TIpMaaquyBajbHACIl — an-KaHBEPCIHHBIX
MaTIphIsIAy 3 HI3KiMI (PaHOHHBIMI CTpaTaMi 1 amThIMI3albIl KaHIPHTPAIbI
pAJIKa3sIMENbHBIX 1€HAY IS NPBIMSHEHHS ¥ AaTYbIKaX TAMIIEPATYPHI.

MeTtanpl pacnefaBaHHsS: Ja3epHas JIIOMIHECIPHTHAs CHEKTpacKamis 1
parbiémeTpberunbl meta FIR

ATpbIMaHbIsl BBIHIKI 1 1X HaBI3HA: yCTAHOYJICHBI 3aKaHaMEpHAcIl YIUIbIBY
KaHpHTpansl iéaay Yb® © 1 Ho¥*, Bbibapy creKTpaibHbIX AbIANA30HaY 1ajioc all-
KaHBepCiiHall JTIOMIHECIPHIIBbII 1 MaryTHacIl y30yaKaibHara sie BbIIpaMeHbBaHHS
npi€MHara Jiazepa 3 JaykelHEW xBami A = 950 - 965 HM Ha ampPHKY
TOpMaaquyBajgbHacii ¢TopdochaTHBIX IIKIOY Y IbISIMa30HE TAMIEPATYp ajn
+ 25 °C pa + 200 °C patsiémerporuabiM MetagaMm FIR. bonbir aguyBanbHbIMI 12
3MEHBl TAMIEPATYpPhl 3'SAYIAIOLLA aIHOCIHBI IHTIHCIVHACIEW CyO-manoc Kaus
JIay>KplHb XBasb 543 HM / 657 HM, a Takcama JbISIa30HAY Nay>KbIHb XBajlb Y
MeXax majoc 3su€Hall 1 ublpBOHAW roMiHecipHIBI.  FIR-3amexnaci,
nabyJaBaHbld Ia IAITHIX MAl0caxX, XapaKTapbI3ylola Kad(ilbleHTaM KapdJsaibli
omizkiMm na 1, gobpa ampakcimyronna JiHeHHalW (QYHKUBIIH 1 MOTylb OBIIb
BBIKAPBICTAHBI I KaTiOpPOYKI CIHCAPHBIX AJIEMEHTAY JaTdblKay TIMIIEPATYPHI.
Haiinenmryro KaJliOpoBaYHAIO pamy1o, MaKCIMaJIbHYIO aJIHOCHYIO
TopMaaaayBanbHacis (S; = 0, 49 %K' ans 298 K) i MiHIMaIbHBI TOMIIEPATYPHBI
naszson 8T = 0,5 K mae mkio 3 KanmpHTpausii iéaay Ho®" (0,5% mons) i Yb**
(5 monp%) mpel MaryTHacti y30ymxanna 0,4 BT.

AnnpainiaBaHas METOJbIKAa BBIMAPAIHHS —all-KaHBEPCIMHBIX CIEKTpay 1
KaJIIOpOYKI Ta TAIMIIEpATyphl, sKas Ja3Bajsie BBIOIpAIlb COHCAPHBIS JJIEMEHTHI 3
FIR-3anexHacusimi, NpeIMagbHbIMI ¥ SIKACLl KaJliOPOBaYHBIX KPBIBBIX, 1 3 BBICOKIMI
3HAYIHHSIMI TAMIIEpATypHal aAuyBaJIbHACLII.

BoGnacup marysiMara mnpbIMsiHEHHS: (TopdacdaTHae MKIO 3'syngenua
NEPCIEKTHIYHBIM ~ MaTAIpbIsUIaM  JUJI1  CTBAap3HHSA  COHCAPHBIX  DJIEMEHTay
TAMIEPATypHbIX  JaTyblkay 3  MardelMaciio KipaBaHHS  marpabaBaHaii
JAKJIQHACITI0 3 JlaraMorail BeIOapy Mmajioc amn-KaHBEepCIWHAW JTIOMIHECIDHIIBI 1
MaryTHacIi y30ykaibHara iH(ppadslpBOHara BIITPaMEHbBAHHS ISl IPBIMSAHEHHS
¥ MIKpa3JIeKTPOHILbI, Y TPAMBICIOBBIM, arpapHbIM 1 1HIIBIX CEKTapax 3KaHOMIKI.
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The object of the study: the temperature dependence of the upconversion of
infrared radiation by rare earth ions in glasses with low phonon energy.

The purpose of the work: to study the temperature sensitivity of
upconversion materials with low phonon losses and optimize the concentration of
rare earth ions for temperature sensors.

Research methods: laser luminescence spectroscopy and ratiometric FIR
method.

The results obtained and their novelty: the regularities of influence of Yb**
and Ho’" ions concentration, choice of spectral ranges of up-conversion
luminescence bands and power of excitation radiation of diode laser with
wavelength A = 950 - 965 nm on estimation of the temperature sensitivity of
fluorophosphate glasses in the temperature range from + 25 °C to + 200 °C by
ratiometric FIR method have been determined. More temperature sensitive are the
ratios of sub-band intensities near the 543 nm / 657 nm wavelengths and of the
wavelength ranges within the green and red luminescence bands. The FIR
dependences plotted from these bands are characterized by a correlation coefficient
close to 1, are well approximated by a linear function, and can be used for
calibration of temperature sensor elements. The best calibration line, the maximum
relative sensitivity (S; = 0,49 %K' for 298 K) and the minimum temperature
resolution 8T = 0,5 K has a glass with a concentration of Ho*"
(0,5 mol%) and Yb*" (5 mol%) ions at an excitation power of 0,4 W.

A technique for measuring upconversion spectra and temperature calibration
has been developed, which allows you to select sensor elements with FIR
dependencies acceptable as calibration curves and with high temperature
sensitivity values.

Area of possible application: fluorophosphate glass is a promising material
for creating sensor elements of temperature sensors with the ability to control the
required measurement accuracy by selecting bands of upconversion luminescence
and the power of exciting infrared radiation for microelectronics, industrial,
agricultural and other sectors of the economy.
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